To determine possible genetic influences on the steady-state concentrations of several key transcription factor transcripts and the transcript concentrations for adipocyte-characteristic proteins, young, genetically obese and lean pigs were given ad libitum access or feed or were restrictively fed at 50% of ad libitum intake for 5 wk. Obese pigs were smaller and fatter than lean pigs, whether intake was ad libitum or restrictive. Plasma protein, albumin, and cholesterol concentrations were greater in obese than in lean pigs. Plasma NEFA, blood urea nitrogen, triacylglycerols, and postprandial glucose and insulin concentrations were less (P < .02) in pigs fed restrictively than in pigs with ad libitum access to feed, regardless of genetic group. The adipose tissue glucose transporter 4, fatty acid synthase, and leptin transcript concentra-
Introduction
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Received August 3, 1999 . Accepted November 5, 1999 934 tions were greater (P < .05) in obese than in lean pigs. The CCAAT/enhancer binding proteins β and α, adipocyte fatty acid binding protein, hormone-sensitive lipase, and the β1-adrenergic receptor transcript concentrations tended (P < .10) to be greater in adipose tissue from obese than in that from lean pigs. Several other transcripts were numerically greater in obese than in lean pigs. The data collectively suggest that messenger RNA concentration for several adipose tissue proteins is a contributing factor to the excess fat deposition in these obese pigs. Restricted feeding did not change the concentration of any transcript except that for adipocyte fatty acid binding protein, which was reduced. The accretion of fat was markedly reduced in the restrictively fed pigs, but this diminution does not seem to be regulated by modulation of messenger RNA concentration.
ferentiation that is regulated by the transcription and translation of transcription factors that bind to specific response elements in target genes to regulate transcription. Initially, CCAAT/enhancer-binding protein β (C/ EBPβ), and perhaps C/EBPδ, are increased and stimulate the production of peroxisome proliferator-activated receptor γ (PPARγ) (Yeh et al., 1995; Wu et al., 1996) . The PPARγ binds to retinoid X receptor α (RXRα) and the heterodimer is activated by binding an appropriate ligand. This activated PPARα-RXRα controls the expression of genes containing appropriate response elements . Individually or together, PPARγ and C/EBPα regulate the expression of adipocyte-characteristic genes such as lipoprotein lipase or adipocyte fatty acid binding protein (Schoonjans et al., 1997) . The result is transcription and translation of adipocyte-characteristic proteins, and then accumulation of triacylglycerol and WAT mass (Tontonoz et al., 1994) . Recent reviews of the regulation of adipocyte differentiation include those by Brun et al. (1996) , Loftus and Lane (1997), and Fajas et al. (1998) . The patterns of several transcription factor and adipocyte-char-acteristic protein transcripts during differentiation of porcine adipocytes in vitro and in vivo have been described (Ding et al., 1999) .
We evaluated the adipose tissue transcript concentrations for several transcription factors and adipocytecharacteristic proteins in genetically obese and lean pigs to determine whether genetic background influenced adipose tissue transcript concentrations. We also examined transcript concentrations during chronic dietary restriction.
Materials and Methods

Animals and Feeding. Genetically obese and lean pigs
were originally selected by Hetzer and Harvey (1967) at the USDA/ARS laboratory, Beltsville, MD. The 50% Duroc-50% Yorkshire obese and lean animals used in this study were maintained at Sam Houston State University, Huntsville, TX. Female and castrated male pigs were obtained at 21.7 d of age (range = 18 to 24 d) and transported to the Children's Nutrition Research Center. Upon arrival, pigs were placed in individual cages. There were six littermate pairs of obese and six littermate pairs of lean pigs. The small number of litters available and small litter size precluded complete samesex pairing; there were five obese same-sex pairs (two male and three female pairs) and four lean same-sex pairs (two male and two female pairs). Overall, there were 11 male and 13 female pigs in the study. The Baylor College of Medicine Animal Care and Use Committee approved the animal protocol.
All pigs were given ad libitum access to Purina Laboratory Mini-Pig Starter diet #5080 containing 20.5% crude protein, 4% fat, and 4.1% crude fiber (PMI Feeds, Richmond, IN) for approximately 2 wk. Pigs were fed twice daily at approximately 0800 and 1630 h, to minimize wastage. The amount of feed consumed each day by each pig over this 2-wk period was measured to establish the average amount consumed daily as a percentage of the individual pig's body weight.
After the initial 2-wk adaptation period (37.0 d of age, range = 35 to 39 d), one of each littermate pair (the control) was given close to ad libitum access to feed. Feed was presented twice daily, at 0800 and 1630. The goal was to have very little feed remaining in the feeding bins on a daily basis for the control pigs. The other littermate in each pair was placed on a restricted diet consisting of one-half of the percentage given to the control littermate. This restricted percentage was applied to the restricted pig's own body weight to determine its amount of daily feed (e.g., if the control littermate offered ad libitum access to feed ate 8% of its body weight, then the paired, restricted littermate was offered 4% of its own body weight). All animals were weighed twice weekly to establish new feeding amounts as the animals grew. As the percentage of feed given to the control pig was altered to maintain an ad libitum status, the amount of feed given its restricted littermate was altered to 50% of this new percentage. The feed consumption of the control pigs ranged from 10 to 6% of body weight during the 5 wk of the experiment.
At 71.9 d of age (range, 70 to 73 d), after 5 wk of control or restricted feeding, pigs were killed with a captive bolt pistol and exsanguinated. Because of the unknown effects of fasting on transcript concentrations, pigs were killed 2 h after the 0800 feeding to ensure they were not in various states of fasting from the previous feeding at 1600 the day before. Backfat thickness was measured 2.5 cm from the midline at the last rib, with the pig in a prone position with the front and rear legs facing cephalad.
Plasma Chemistry. After feeding the control or restricted diet for 4 wk, fasting blood samples (16-h fast) were collected by vena caval puncture from all pigs These fasting samples were used to measure plasma concentration of glucose, blood urea nitrogen, cholesterol, triacylglycerol, total protein, albumin, insulin, leptin, and nonesterified fatty acids (NEFA). Two-hour postprandial blood samples were collected after 5 wk of feeding when the pigs were killed and analyzed for glucose, insulin, and leptin. Plasma glucose, blood urea nitrogen, cholesterol, total protein, and albumin were analyzed on a Vitro 950 Clinical Analyzer (Ortho Clinical Diagnostics, Rochester, NY). Plasma NEFA were determined on a Cobas Para II analyzer (Roche Diagnostics, Nutley, NJ). All automated blood chemistries were performed at Texas Children's Hospital, Houston, TX. Plasma insulin was measured by radioimmunoassay using a human standard (#HI-14K, Linco Research, St. Charles, MO); the manufacturer indicates 100% crossreactivity of the kit primary antibody with porcine insulin. Plasma leptin was measured by radioimmunoassay using a human standard (XL-85K Multi-Species Leptin RIA Kit, Linco Research); the manufacturer indicates 67% crossreactivity of the kit primary antibody with porcine leptin. The low crossreactivity suggests this kit will produce less than satisfactory results with pig plasma. However, using this kit, Qian et al. (1999) indicated dose response curves for porcine serum were parallel to the standard curve, added porcine leptin was recovered at 90%, sensitivity was .1 ng/tube, and intraassay coefficient of variation was 8%. In spite of these observations, the very low plasma leptin values we measured coupled with no difference between lean and obese pigs suggests the assay was not satisfactory.
Total RNA Extraction from Tissue. After the pigs were killed, tissue was removed immediately from the upper and middle layers of subcutaneous adipose tissue of the neck and shoulder region. All tissues were quickly frozen in liquid nitrogen then stored at −70°C. Total RNA was extracted by the guanidinium-phenol-chloroform extraction method (Chomczynski and Sacchi, 1987) . The RNA was quantified by spectroscopy at 260 nm and stored at −70°C until use. The quality of RNA was assessed by visual inspection of the 18S and 28S ribosomal bands after denaturing electrophoresis. Methods were detailed previously Mersmann, 1995, 1999) . 
Isolation and Cloning of Probes. Gene fragments were isolated from pig adipose tissue total RNA for each gene of interest using reverse transcription coupled with polymerase chain reaction (RT-PCR). Characteristics of the porcine gene fragments are presented in Table  1 . The porcine cDNA fragments were each cloned into the pAMP1 expression vector using the CloneAMP pAMP1 system (Life Technologies, Gaithersburg, MD). These methods were previously detailed . Cloned products of interest (four clones for each sequence) were sequenced (forward and reverse) at the Child Health Research Center, Baylor College of Medicine. All of the partial gene sequences isolated had a high degree of homology with the same gene portion in heterologous species (Table 1) . Characteristics of the porcine gene fragments for C/EBPα, PPARγ, LPL, aP2, and 18S ribosomal RNA (18S) (Ding et al., 1999) and for the beta-1 adrenergic receptor (β1AR) were previously described. The fatty acid synthase (FAS) fragment was obtained from a clone of porcine FAS provided by Stephen Clarke, University of Texas, Austin (Mildner and Clarke, 1991) . A partial sequence for the porcine insulin receptor (InsR) was provided by Scott Mills, Purdue University. Primers were synthesized to produce the gene fragment indicated in Table 1 .
Synthesis of Labeled Riboprobes. Recombinant pAMP1
plasmids were linearized with NotI, gel-purified by electrophoresis, and eluted to obtain purified templates for transcription of labeled antisense RNA probes. Transcription of the linearized plasmids was performed using the Strip-EZ T7 kit (Ambion, Austin, TX). Labeled riboprobes used for Northern analysis were stored at −20°C until use. Labeled riboprobes used for ribonuclease protection assay (RPA) were further purified by gel electrophoresis and stored at −20°C until use. Details of these methods have been described (Ding et al., 1999; McNeel and Mersmann, 1999) .
Northern Analysis. Total RNA (25 g) was electrophoresed under denaturing conditions, and the gels were blotted to nylon membranes. Membranes were prehybridized at 60°C for at least 2 h, the denatured riboprobe (95°C for 10 min) was added, and hybridization was carried out overnight at 60°C. The membranes were washed at 60°C for 10 min in 2× SSPE (300 mM NaCl, 20 mM NaH 2 PO 4 , and 2 mM EDTA, pH 7.4). The mem-branes were then washed twice in .2× SSPE containing 1% SDS for 30 min at 65°C. Membranes were exposed to a phosphor imaging screen from 20 min to 24 h depending on the riboprobe and the relative number of transcript copies. Relative transcript abundance was then determined using phosphor imagery (Storm 860 with ImageQuant 4.2A software, Molecular Dynamics, Sunnyvale, CA). The densitometric value for an individual transcript concentration in a sample lane was normalized to the densitometric value for 18S concentration in the same sample lane and presented in arbitrary units. All membranes were hybridized at the same time using the same riboprobe. Following densitometric evaluation with a single riboprobe, the membranes were stripped using Ambion's Strip-EZ RNA kit per the manufacturer's instructions and reconstituted for reprobing with a different riboprobe. Ambion's Strip-EZ technology involves synthesizing a riboprobe with a modified CTP that can be enzymatically cleaved, thus reducing the stringency necessary to remove riboprobes from Northern blots. This technique allowed us to reprobe the same membranes several times with different riboprobes. Potentially low-copy transcripts were probed first to ensure maximal hybridization. All methods for Northern analysis were detailed previously Mersmann, 1995, 1999; Ding et al., 1999) .
Ribonuclease Protection Assay. To measure β1AR and leptin transcripts, 40 g of total RNA or RNA standard was combined with the 32 P-labeled riboprobe and incubated in hybridization buffer at 55°C for 18 h. The unprotected fragments were digested with RNase T2 (Life Technologies) and the protected fragments were electrophoresed. The dried gels were exposed to a phosphor imaging screen for 24 h. Quantification by phosphor image analysis was as described for Northern analysis. The protected fragments for leptin and the β1AR were 277 and 265 bp, respectively, whereas the probes were 351 and 356 bp, respectively. The standard curves were linear within the range of 5 to 30 pg. Methods were detailed previously . Each datum obtained was corrected for the 18S content of that sample determined by Northern analysis.
Adipocyte Cell Volume. A sample of porcine subcutaneous fat was sliced (1 mm) and fixed overnight in 3% glutaraldehyde:1% formaldehyde in .1 M cacodylate at pH 7.3. Fixative was removed and the slices were rinsed with .9% NaCl and then were post-fixed in 2% osmium tetroxide in .1 M cacodylate at pH 7.3 for 3 d. Finally, the osmium was removed and the slices were thoroughly rinsed in .9% NaCl and suspended in .1 M cacodylate. These slices were embedded in paraffin and sectioned at 5 m. Cell diameter was measured on 200 cells using an optical micrometer and the cell volume was calculated from the average diameter.
Statistical Analysis. Analysis of variance was used to assess the effects of genotype (obese vs lean), diet (control vs restricted), and the interaction between these two factors. The model treated littermate pairs as nested within genetic group and accounted for a slight imbalance in the proportion of male and female pigs by including sex as a factor. A general linear models procedure was used for the computations (Minitab, State College, PA).
Results and Discussion
Growth Variables (Table 2 ). Obese pigs weighed less than lean pigs upon arrival at the center (data not indicated), at the initiation of the experiment, and at termination of the experiment. Obese pigs also weighed less than lean pigs after restricted feeding. The percentage gain, based on the weight at the beginning of the experiment, was not different between obese and lean pigs; there was a tendency for the control obese pigs to gain a greater percentage of initial weight than control lean pigs (genotype × diet interaction, P = .09). Feed intake was not different between the genetic groups. The amount of feed consumed per unit body weight was marginally greater in the obese than in the lean pigs. For example, the gain/feed in the control lean and obese pigs was .482 and .467, respectively and the feed/terminal weight was 1.40 and 1.56, respectively.
Backfat thickness was greater in obese than in lean pigs. It was reduced by restricted feeding, and the reduction was greater in the obese than in the lean pigs (genotype × diet interaction, P < .01). Adipocyte size was greater in obese than in lean pigs and was reduced by restricted feeding, and the reduction was greater in obese than in lean pigs.
The growth, body compositional, and adipocyte traits were similar to observations in the original parental lines and in the Duroc × Yorkshire crossbred pigs established after the transfer from the USDA laboratory at Beltsville, MD to the USDA laboratory at Clay Center, NE. The pigs maintained in Texas were obtained from the Clay Center herd. The characteristics of these obese and lean pigs have been reviewed (Mersmann, 1991) . (Table 3) . Fasting plasma glucose, insulin, and triacylglycerol concentrations were not different between the two genetic groups, as previously observed (Mersmann et al., 1982) . Plasma cholesterol concentration was greater in obese than in lean pigs. Hypercholesterolemia is sometimes, but not always, found in the obese compared to lean pigs (e.g., Mersmann et al., 1982; Mersmann, 1991; McWhinney et al., 1996) . The differences in plasma protein and albumin between obese and lean pigs were significant, but not of great magnitude. Plasma leptin concentration was the same in obese and lean pigs. Ramsay et al. (1998) , using a Western blotting technique, demonstrated higher plasma leptin concentration in obese than in contemporary crossbred pigs.
Plasma Variables
The postprandial plasma glucose and insulin concentrations were lower in the restricted pigs than in the control pigs (given close to ad libitum access to feed), as might be expected. Fasting NEFA concentrations were lower in restricted than in full-fed pigs, perhaps All data represent means and the pooled SD (from ANOVA) for six pairs of obese and six pairs of lean pigs. One of each pair was given ad libitum access to feed (C) and the other was fed at 50% of ad libitum intake (R). The P-values are from the ANOVA; G = genetic group (obese or lean), D = diet group (C or R), G × D = the interaction, and S = sex effect. The sex differences in terminal weight (P = .09) were males = 19.7 kg and females = 16.0 kg. The lean males and females weighed 22.6 and 17.9 kg, respectively, whereas the obese males and females weighed 16.1 and 14.4 kg, respectively.
representing a lower lipolytic rate in the restricted pigs with less body fat. Fasting triacylglycerol concentrations were lower in pigs restrictively fed than in pigs with ad libitum intake. The restricted feeding did not provide excess amino acids, as were provided by full feeding, so blood urea nitrogen concentration was lower in restricted than in fully fed pigs. (Table 4) . Overall, adipose tissue from obese compared to lean pigs had numerically greater concentrations of transcripts for adipocyte transcription factors and for adipocyte-characteristic proteins. Many of the P values were > .05, but the fact that almost all of these biologically related transcripts were elevated suggests obese pigs had greater transcript concentrations than lean pigs. The transcript concentration for the transcription factors C/ EBPβ (126%), C/EBPα (154%), and PPARγ (129%) were Table 3 . Plasma metabolites and hormones of lean and obese pigs fed control or restricted diets a
Obesity and Adipocyte Transcripts
Lean
Obese P-value Data represent means and the pooled SD (from ANOVA) for six pairs of obese and six pairs of lean pigs. One of each pair was given ad libitum access to feed (C) and the other was fed at 50% of ad libitum intake (R). Pigs were fasted for 16 h before the blood sample, except for variables indicated as P-P (postprandial), which represent values measured in plasma samples obtained 2 h after the morning meal was presented. The P-values are from the ANOVA; G = genetic group (obese or lean), D = diet group (C or R), G × D = the interaction, and S = sex effect. The sex differences for NEFA (P = .01) were not obvious for the overall means: male = 358 Eq/L and female = 335 Eq/L. The means for the lean males and females were 327 and 273 Eq/L, respectively, whereas those for the obese males and females were 396 and 387, respectively. The sex differences for BUN (P = .03) were male = 3.08 mmol/L and female = 3.43 mmol/L. The means for lean males and females were 2.50 and 3.27 mmol/L, respectively, whereas those for the obese males and females were 3.78 and 3.57 mmol/L, respectively. The sex differences for triacylglycerols (P = .08) were male = .459 mmol/L and female = .354 mmol/L. The means for lean males and females were .373 and .256 mmol/L, respectively, whereas those for obese males and females were .562 and .439, respectively. numerically greater in obese than in lean pigs (lean pig values indicated as 100%). Although we observed only slightly greater values for PPARγ in obese compared to lean pigs, Grindflek et al. (1998) indicated greater adipose tissue PPARγ transcript concentration in fatter Duroc compared to thinner Landrace pigs at 5 wk of age and at 100 kg body weight. However, Shimoike et al. (1998) found no numerical or statistical differences in PPARγ transcript concentrations between Zucker obese rats and their lean counterparts. For adipocytecharacteristic proteins, only the LPL transcript concentration was not different between obese and lean pigs (91 vs 100%, respectively). Other transcript concentrations were numerically or statistically greater in obese than in lean pigs (lean pig values indicated as 100%): aP2 (129%), InsR (157%), glucose transporter 4 (Glut4) (186%), FAS (206%), hormone-sensitive lipase (HSL) An electrophoresed, total RNA sample was hybridized with a riboprobe and the densitometric value obtained by phosphor imagery was normalized to the densitometric value for the 18S ribosomal RNA in the same sample. Values are expressed relative to those for the lean pigs with ad libitum access to feed. Data represent the means and pooled SD (from ANOVA) for pairs of obese and lean pigs. One of each pair was given ad libitum access to feed (C) and the other was fed 50% of ad libitum intake (R). There were six pairs of obese and six pairs of lean pigs for PPARγ, LPL, aP2, and β1AR transcript analysis. Because of limited RNA or poorly preserved samples, less than the full contingent of pairs was available for the other transcripts. There were five pairs of obese and lean pigs for leptin; four pairs of obese and six pairs of lean pigs for C/EBPβ and C/EBPα; four pairs of obese and three pairs of lean pigs for InsR, Glut4, and HSL; and three pairs of obese and two pairs of lean pigs for FAS. The P-values are from the ANOVA; G = genetic group (obese or lean), D = diet group (C or R), G × D = the interaction, and S = sex effect. The sex differences for aP2 (P = .06) were male = 567 and female = 564 (values expressed in arbitrary units). The pooled SD from the ANOVA was 155. The lean male and female values were 506 and 447, respectively, whereas the obese male and female values were 640 and 664, respectively.
(146%), and β1AR (157%). Similar to the observations in these pigs, the adipose tissue Glut4 (Penicaud et al., 1991; Pedersen et al., 1992) and FAS (Penicaud et al., 1991) transcript concentrations were greater in young Zucker obese rats than in lean rats.
Leptin mRNA concentration was greater in adipose tissue from obese than in that from lean pigs (244 vs 100%, respectively), as reported previously in the same line of genetically obese pigs compared to much leaner crossbred pigs (Ramsay et al., 1998) . Leptin mRNA concentration was also elevated in adipose tissue from Zucker obese rats (Rayner et al., 1997) and in JCR:LAcorpulent rats (Shillabeer et al., 1998) compared to lean controls. Thus, as observed by other investigators, in pigs and in rats many of the adipocyte transcripts involved with control of adipocyte differentiation and function are elevated in adipose tissue from obese compared to lean animals.
The de novo fatty acid and the triacylglycerol biosynthetic rates are greater in adipose tissue obtained from obese than in that from lean pigs (e.g., Steele et al., 1974; Scott et al., 1981; Mersmann, 1986; Rule et al., 1989) . In addition, the lipoprotein lipase activity is greater in adipose tissue from obese than in that from lean pigs (McNamara and Martin, 1982) ; lipoprotein lipase cleaves fatty acids from circulating triacylglycerol to allow fatty acids to enter the adipocyte. The lipolytic rate in adipose tissue from obese compared to lean pigs is difficult to interpret; the rates are either the same in both groups or one group is favored, but there is no consistent pattern (Mersmann, 1985 (Mersmann, , 1986 Mersmann and Koong, 1984) . Measurements of lipolysis in vivo (Mersmann and MacNeil, 1989) indicate no difference between obese and lean pigs in the fed or fasted condition. The plasma NEFA concentration is lower in obese than in lean pigs in both the fed and fasted states MacNeil, 1985, 1989) , suggesting that the mobilization of fatty acids from adipose tissue may be less in obese than in lean pigs. In the current study with small numbers of pigs, the fasting NEFA concentration was not different between obese and lean pigs. However, the HSL transcript concentration was numerically greater in the obese than in the lean pigs (146 and 100%, respectively with P = .13). Although the evidence for altered catabolic lipid metabolism in obese compared to lean pigs is not clear, there is considerable evidence for increased anabolic lipid metabolism in obese compared to lean pigs. Given the marked disparity between the lipogenic rates in obese and lean pigs, it might be expected that the transcription and(or) translation of some of the genes involved in these anabolic adipocyte lipid metabolism pathways would be altered in the same direction as the metabolic pathways. The higher numerical concentration of transcripts for adipocyte transcription factors and for adipocyte-characteristic proteins in obese compared to lean pigs suggests that increased transcription contributes to the increased fat accumulation in obese compared to lean pigs.
Feed Restriction and Adipocyte Transcripts (Table 4).
Except for aP2, restriction of feed intake to 50% of ad libitum intake for 5 wk did not statistically change the concentration of transcripts for the porcine adipose tissue genes measured. The aP2 mRNA concentration in the restricted pigs was 65% of that in the control pigs. Some transcripts were numerically lower in restrictively fed than in control pigs (control pig values indicated as 100%), for instance, LPL (75%), InsR (86%), and HSL (79%). Other transcript concentrations were one standard deviation less in the restrictively fed than in the control obese pigs, for instance, Glut4 (63%), FAS (63%), and leptin (70%). The β1AR transcript concentration in the restricted pigs was 125% of that in the control pigs. The restriction imposed yielded < 50% the growth in the pigs offered ad libitum access to feed and perhaps diminished fat accretion to a greater extent than muscle accretion, as observed with up to 30% feed restriction (Mersmann and Leymaster, 1984; Leymaster and Mersmann, 1991) . There was no determination of fat thickness at the initiation of the experiment, so the gain in fat thickness during the experiment is not available. Most of the adipocyte transcripts were slightly reduced, but the extent of reduction was marginal, suggesting that regulation of fat deposition during the intake restriction imposed was controlled more by substrate availability to the tissue than by regulation of transcript concentrations for these proteins.
More severe feed restriction or fasting causes a reduction in some of these same transcript concentrations in several species. In contrast to our results with young pigs fed a restricted intake, but still growing (i.e., fed above maintenance), Houseknecht et al. (1998) reported decreased PPARγ transcript concentrations in adipose tissue from 136-kg pigs fed at the maintenance level or fasted for 48 h. The decrease was greater for the fasted than for the restrictively fed animals and only significant (P < .05) for PPARγ2. Fasting for 48 h also caused a decrease in rat adipose tissue PPARγ transcript concentration (Shimoike et al., 1998) . The mRNA concentration for LPL decreased with fasting in rat adipose tissue (Bergo et al., 1996) . The transcripts for LPL and FAS were barely detectable in adipose tissue from severely restricted (20% of maintenance) sheep and cattle, compared to fed animals (Bonnet et al., 1998) . The enzyme activity and transcript concentration for adipose tissue HSL was only increased after 3 d of fasting in rats (Sztalryd and Kraemer, 1994) . Transcript concentrations for HSL were elevated in porcine adipose tissue after 2 d of fasting (Liu et al., 1995) . In cattle, but not sheep, adipose tissue, the HSL transcripts were elevated by feeding at 20% of maintenance (Bonnet et al., 1998) .
Obese rats restricted to 67% of the intake of rats given ad libitum access to feed had reduced adipose tissue leptin mRNA concentration (Shillabeer et al., 1998) . The degree of decrease in plasma leptin concentration depends on the diet rats are fed; leptin was decreased in rats fed a fish oil-containing diet at 85 and 70% of ad libitum intake. In rats fed safflower oil, decreased leptin concentrations were observed only at 70% of ad libitum intake. Rats fed tallow had numerically, but not statistically, decreased leptin concentration at 70% restriction (Cha and Jones, 1998) . Fasting for 2 d caused the bovine adipose tissue leptin mRNA to decrease (Tsuchiya et al., 1998) . Porcine adipose tissue leptin mRNA concentration is rather refractory to restricted feeding. Severe restriction to maintenance levels for 28 d did not alter the mRNA concentrations; only fasting for 3 d caused the mRNA concentration to decrease . We saw no difference in leptin transcript concentrations in either obese or lean young pigs when chronically fed a restricted intake for 5 wk.
Rates of various pathways for adipose tissue lipid metabolism are modified during feeding, feed restriction, or fasting in mammals. In general, full-fed animals have increased anabolic and decreased catabolic lipid metabolism, and when feeding is reduced or withheld, the catabolic pathways are accelerated to supply energy and the anabolic pathways are decreased to accommodate the decreased nutrient intake. In pigs, feed restriction to 85% of ad libitum intake caused a decrease in backfat (Leymaster and Mersmann, 1991) , whereas feeding at a submaintenance level caused a greater decrease in backfat (Mersmann and Leymaster, 1984) . Fasting for ≥ 18, but not 12 h, caused the rate of adipose tissue (backfat) lipogenesis to decrease ; a 72-h fast decreased the rate of fatty acid biosynthesis to < 15% of that in fed animals and decreased several enzyme activities associated with triacylglycerol biosynthesis to < 50% of those in fed animals (Steffen et al., 1978) . A 24-or 72-h fast did not change either the adipose tissue lipolytic rates measured in vitro or the activity of hormone-sensitive lipase, the rate-limiting enzyme for lipolysis (Steffen et al., 1981) . However, the activity of lipoprotein lipase (associated with fatty acid uptake by adipocytes, and thus an anabolic enzyme) was markedly decreased by fasting. Fasting for 24 h increased the plasma concentration of NEFA in both genetically lean and obese pigs (Mersmann and McNeil, 1989) . The rate of lipogenesis was positively related to the level of feed intake in obese and lean pigs, but the lipolytic rate was not as clearly associated with the intake levels (Mersmann and Koong, 1984) . Surprisingly, the restriction of feed intake to 50% for a period of 5 wk did not have a significant effect on the concentration of transcripts associated with the porcine adipocyte. We would have expected that the major decrease in adipose tissue accretion in the restrictively fed pigs would have resulted in adjustment of the steady-state concentration of transcripts for at least some of the enzymes or proteins associated with anabolic lipid metabolism in the adipocyte. The data suggest transcript concentrations are maintained in a homeostatic condition and that regulation of metabolism occurred at post-transcriptional stages. Except for PPARγ (Houseknecht et al., 1998) and leptin ) transcript concentrations, which are lower in severely restricted or fasted pigs compared to less severely restricted or ad libitum-fed pigs, it is not known whether more severe feed restriction would alter any of the other porcine adipocyte transcript concentrations.
Implications
The reduction of feed intake to 50% of normal did not significantly alter the steady-state RNA concentrations for the transcripts measured. These data suggest that reduced fat deposition in young, restrictively fed pigs is not directly related to steady-state messenger RNA concentrations or that the amount of feed restriction was not severe enough to overcome the homeostatic mechanisms of the animal and produce a measurable effect.
